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Abstract
Blastomycosis is a systemic mycosis endemic to the Midwestern and South Central United States. Infection
is caused by inhaling spores of Blastomyces dermatitidis (B. dermatitidis) that inhabit soil. Acute respiratory
distress syndrome (ARDS) is a rare complication of pulmonary blastomycosis with a significantly high
mortality rate. We present a case of blastomycosis associated with severe ARDS treated with traditional
prone position ventilation (PPV) and neurally adjusted ventilator assist (NAVA) along with antifungal
therapy, steroids, and supportive care in a rural setting with no access to extracorporeal membrane
oxygenation (ECMO). This case demonstrates that traditional therapies such as prone position ventilation
can help patients with blastomycosis-associated ARDS especially in rural settings where advanced therapies
such as ECMO are lacking. The use of NAVA in blastomycosis-associated ARDS needs further research.
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Introduction
Blastomycosis is a fungal infection caused by inhaling spores of a thermally dimorphic fungus Blastomyces
dermatitidis (B. dermatitidis). Pulmonary and cutaneous mycoses are primarily encountered in people living
in the Midwestern and South Central United States [1]. In most cases, pulmonary blastomycosis is
asymptomatic, causing acute, self-limited disease that often goes unrecognized [2]. Acute respiratory
distress syndrome (ARDS) is a rare complication of pulmonary blastomycosis that is seen in 10% of all cases
and has reported mortality rates of as high as 89% [3]. More recently, extracorporeal membrane oxygenation
(ECMO) has been reported as a successful rescue tool in patients with refractory blastomycosis-associated
ARDS [4]. There is a paucity of medical literature regarding the management of blastomycosis-associated
ARDS.

This study was presented as poster abstract at the American College of Physicians Wisconsin Chapter
Scientific Meeting 2020.

Case Presentation
A 70-year-old male from rural Wisconsin was admitted to the medical intensive care unit due to worsening
shortness of breath and acute hypoxic respiratory failure requiring intubation and mechanical ventilation.
He was a previous smoker but had no known chronic respiratory issues. His symptoms started several days
prior to presentation, with initially dry cough that became productive with worsening shortness of breath.
He was feeling generally unwell and had chills but no fevers. He initially presented to a different facility and
was found to have hypoxia, elevated white cell count, C-reactive protein, venous lactate, and right lower
lobe infiltrate on chest radiograph (Figure 1).
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FIGURE 1: Chest x-ray showing dense right lower lobe infiltrate (arrow)

He was diagnosed with community-acquired pneumonia and was started on intravenous ceftriaxone and
azithromycin. His condition deteriorated over the next 48 hours with septic shock and worsening respiratory
symptoms, development of bilateral lung opacities on chest radiograph, and severe hypoxemia, all
suggestive of ARDS, requiring intubation and mechanical ventilation (Figure 2). Later, he was transferred to
our tertiary care facility for a higher level of care.
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FIGURE 2: Chest x-ray showing diffuse bilateral pulmonary opacities
suggesting the development of ARDS
ARDS: acute respiratory distress syndrome

Upon presentation to our facility, he was deeply sedated, intubated, had diffuse bilateral lung crackles and
skin mottling. He required intravenous norepinephrine and vasopressin infusions to maintain blood
pressure with mean arterial pressure (MAP) goal of more than 65 mmHg. He was on broad-spectrum
antibiotics with intravenous vancomycin and cefepime. Laboratory investigations showed leukocytosis,
acute kidney injury, and severe metabolic acidosis. CT chest showed diffuse bilateral pulmonary infiltrates
(Figure 3). Blood cultures showed no growth, a complete respiratory viral panel was negative, and his
sputum cultures revealed yeast cells resembling B. dermatitidis. He underwent bronchoscopy with
bronchoalveolar lavage (BAL), with the specimen again revealing B. dermatitidis and ruling out other
infectious etiologies.
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FIGURE 3: CT chest showing dense bilateral pulmonary infiltrates

Antibiotics were changed to liposomal amphotericin B (L-AMB), and he was started on continuous renal
replacement therapy to treat severe metabolic acidosis and acute kidney injury. He was continued on assist
mode of mechanical ventilation with ARDS protocol including lung-protective, low-tidal volume
ventilation. Intravenous (IV) methylprednisolone for severe ARDS (PaO2/FiO2) was ≤100 mmHg on ventilator

settings that included positive end-expiratory pressure (PEEP) ≥5 cm H2O. The patient was noted to require

a higher inspired oxygen fraction (FiO2), even after deep sedation and muscle paralysis with neuromuscular
blockade and fluid restriction policy. A two-dimensional echocardiogram showed normal left ventricular
systolic function. Due to lack of access to ECMO in our facility, the decision was made to treat the patient in
the prone position. PPV sessions of 16-hours duration per day for a total of three days were begun and
stopped after hypoxemia improved. He received aggressive pulmonary toilet with chest vest and nebulized
hypertonic saline. However, patient-ventilator dyssynchrony persisted despite multiple modifications to the
ventilator mode and settings. He was gradually transitioned to NAVA, which he tolerated well. A
tracheostomy was performed, and the patient tolerated a gradual increase in duration and frequency of
pressure support via tracheostomy collar before being considered for discharge. He was later discharged to a
long-term, acute care facility with continuous positive airway pressure support, the pressure of 5 cm H2O

with 30% FiO2 at night time, and on tracheostomy collar during the day time with 40% FiO 2. He was treated

with L-AMB for 16 days and then transitioned to oral itraconazole for at least six months as recommended
by infectious disease specialist. The patient continued to follow-up with his primary care physician and
infectious disease specialist upon discharge.

Discussion
ARDS is a rare and poorly understood complication of pulmonary blastomycosis, and a limited amount of
literature is available for healthcare providers to aid in the management of such patients, especially in
endemic regions [3]. ARDS complicates up to 10% of cases of blastomycosis, and when it does occur,
mortality ranges from 50% to 90%, which is disproportionately high, even when compared to ARDS caused
by other entities [4]. To avoid this fatal complication, physicians should have prompt recognition of this
disease with the initiation of timely, aggressive treatment, including amphotericin B [1,5].

Rush et al. published the largest retrospective cohort analysis in March 2020, which included 1848 patients
with a diagnosis of blastomycosis who presented to the hospital from 2006 to 2014 in the United States;
11.9% of the patients required mechanical ventilation, and they determined mortality of as high as ~40% for
patients with blastomycosis requiring mechanical ventilation [6]. Schwartz et al. had also published a large
historical case series in 2016 involving 43 critically ill patients with ARDS caused by blastomycosis over a
23-year period who required mechanical ventilation in Manitoba, Canada [7]. In that report, 67% of patients
had severe ARDS, with 40% overall mortality rate. A case series by Azar et al. reported 114 cases of
blastomycosis, with an ARDS rate of 15% and a mortality rate of 47% among patients who developed ARDS
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[8]. Ventilatory management has evolved with improvements over time, which include lung-protective, low-
tidal volume ventilation [9]. However, the published literature lacks specific guidelines on the treatment of
blastomycosis-associated ARDS.

There is sparse literature highlighting the use of adjunctive steroids to suppress the inflammatory response,
and no randomized, controlled trials have been performed to support improved outcomes [10,11]. In the
case series by Shwartz et al., 50% of the patients received steroids, but there were no reported significantly
better outcomes [7]. In the cohort study by Rush et al., there was no description of the percentage of patients
receiving steroids due to lack of efficient medication administration recording tools [6].

Early application of PPV was also a key component in our patient’s survival, in our opinion. Prone position
ventilation has been studied and identified to be of benefit in severe ARDS, but limited data have been
published on its use in blastomycosis-associated ARDS. Prone positioning has been employed since the
1970s to improve hypoxemia in patients with ARDS [12-14]. Passive mechanical ventilation in the supine
position caused ventilation distribution primarily to nondependent lung regions where there was low
perfusion [15]. As acute respiratory failure is combined with decreased functional residual capacity, and
since supine position increases dependent airway closure, Bryan suggested that PPV might engage and
stabilize dependent lung segments [16]. The recent publication of the landmark PROSEVA study [17], and
consistent results of numerous meta-analyses of randomized controlled trials, describe a clear mortality
benefit when prone position strategy is applied early and for prolonged time periods in patients with severe
ARDS [18].

NAVA was utilized in our patient. There are currently no published data that show the use of NAVA in ARDS
secondary to blastomycosis with a successful outcome. NAVA is a relatively new mode of assistive
mechanical ventilation. It utilizes the electrical activity of the diaphragm to trigger and drive inspiratory
cycle in proportion to the patient’s effort [19-22]. However, there are studies suggesting that NAVA improves
patient-ventilator synchrony and reduces the risk of over- assistance, as well as its use in selective ARDS
patients [23,24].

ECMO has also been described as a rescue, supportive measure when patients fail to improve their
oxygenation status despite maximum lung-protective ventilatory settings [4]. However, the role of ECMO is
yet to be unraveled [25]. Rush et al. sampled 219 patients requiring mechanical ventilation, but none of them
received ECMO as salvage therapy [6]. The case series published by Bednarczyk et al. reported four cases of
severe ARDS requiring ECMO with 100% survival, suggesting this therapy may be beneficial for salvage
therapy, although further studies are needed to confirm these findings [4]. Moreover, there are conflicting
data on the use of ECMO in patients with disseminated blastomycosis and septic shock [26].

Conclusions
The outcome in this patient study is exceptional given the extremely high mortality of blastomycosis-
associated ARDS. The patient’s age is another unique factor, given that most previous success stories have
been reported in younger populations. Despite a delay in diagnosis, and thus delayed initiation of antifungal
therapy, the patient survived with ventilatory support using PPV, NAVA, chest physiotherapy, L-AMB, and IV
steroids to suppress the inflammatory response. A great deal of work still needs to be done, and data need to
be published to guide management in blastomycosis-associated ARDS regarding the use of traditional
methods.

Additional Information
Disclosures
Human subjects: Consent was obtained or waived by all participants in this study. Conflicts of interest: In
compliance with the ICMJE uniform disclosure form, all authors declare the following: Payment/services
info: All authors have declared that no financial support was received from any organization for the
submitted work. Financial relationships: All authors have declared that they have no financial
relationships at present or within the previous three years with any organizations that might have an
interest in the submitted work. Other relationships: All authors have declared that there are no other
relationships or activities that could appear to have influenced the submitted work.

References
1. Lockwood WR, Allison F Jr, Batson BE, Busey JF: The treatment of North American blastomycosis. Ten

years' experience. Am Rev Respir Dis. 1969, 100:314-20. 10.1164/arrd.1969.100.3.314
2. Bradsher RW: Blastomycosis. Clin Infect Dis. 1992, 14:82-90. 10.1093/clinids/14.supplement_1.s82
3. Meyer KC, McManus EJ, Maki DG: Overwhelming pulmonary blastomycosis associated with the adult

respiratory distress syndrome. N Engl J Med. 1993, 329:1231-6. 10.1056/NEJM199310213291704
4. Bednarczyk JM, Kethireddy S, White CW, et al.: Extracorporeal membrane oxygenation for blastomycosis-

related acute respiratory distress syndrome: a case series. Can J Anaesth. 2015, 62:807-15. 10.1007/s12630-
015-0378-z

5. Parker JD, Doto IL, Tosh FE: A decade of experience with blastomycosis and its treatment with

2022 Ajmal et al. Cureus 14(2): e22207. DOI 10.7759/cureus.22207 5 of 6

https://dx.doi.org/10.1164/arrd.1969.100.3.314
https://dx.doi.org/10.1164/arrd.1969.100.3.314
https://dx.doi.org/10.1093/clinids/14.supplement_1.s82
https://dx.doi.org/10.1093/clinids/14.supplement_1.s82
https://dx.doi.org/10.1056/NEJM199310213291704
https://dx.doi.org/10.1056/NEJM199310213291704
https://dx.doi.org/10.1007/s12630-015-0378-z
https://dx.doi.org/10.1007/s12630-015-0378-z
https://dx.doi.org/10.1164/arrd.1969.99.6.895


amphotericin B. A National Communicable Disease Center Cooperative Mycoses Study. Am Rev Respir Dis.
1969, 99:895-902. 10.1164/arrd.1969.99.6.895

6. Rush B, Lother S, Paunovic B, Mooney O, Kumar A: Outcomes with severe blastomycosis and respiratory
failure in the United States. Clin Infect Dis. 2021, 72:1603-7. 10.1093/cid/ciaa294

7. Schwartz IS, Embil JM, Sharma A, Goulet S, Light RB: Management and outcomes of acute respiratory
distress syndrome caused by blastomycosis: a retrospective case series. Medicine (Baltimore). 2016,
95:e3538. 10.1097/MD.0000000000003538

8. Azar MM, Assi R, Relich RF, Schmitt BH, Norris S, Wheat LJ, Hage CA: Blastomycosis in Indiana: clinical
and epidemiologic patterns of disease gleaned from a multicenter retrospective study. Chest. 2015,
148:1276-84. 10.1378/chest.15-0289

9. Brower RG, Matthay MA, Morris A, Schoenfeld D, Thompson BT, Wheeler A: Ventilation with lower tidal
volumes as compared with traditional tidal volumes for acute lung injury and the acute respiratory distress
syndrome. N Engl J Med. 2000, 342:1301-8. 10.1056/NEJM200005043421801

10. Chapman SW, Dismukes WE, Proia LA, Bradsher RW, Pappas PG, Threlkeld MG, Kauffman CA: Clinical
practice guidelines for the management of blastomycosis: 2008 update by the Infectious Diseases Society of
America. Clin Infect Dis. 2008, 46:1801-12. 10.1086/588300

11. Lahm T, Neese S, Thornburg AT, Ober MD, Sarosi GA, Hage CA: Corticosteroids for blastomycosis-induced
ARDS: a report of two patients and review of the literature. Chest. 2008, 133:1478-80. 10.1378/chest.07-
2778

12. Mellins RB: Pulmonary physiotherapy in the pediatric age group . Am Rev Respir Dis. 1974, 110:137-42.
10.1164/arrd.1974.110.6P2.137

13. Piehl MA, Brown RS: Use of extreme position changes in acute respiratory failure . Crit Care Med. 1976, 4:13-
4. 10.1097/00003246-197601000-00003

14. Douglas WW, Rehder K, Beynen FM, Sessler AD, Marsh HM: Improved oxygenation in patients with acute
respiratory failure: the prone position. Am Rev Respir Dis. 1977, 115:559-66. 10.1164/arrd.1977.115.4.559

15. Froese AB, Bryan AC: Effects of anesthesia and paralysis on diaphragmatic mechanics in man .
Anesthesiology. 1974, 41:242-55. 10.1097/00000542-197409000-00006

16. Bryan AC: Conference on the scientific basis of respiratory therapy. Pulmonary physiotherapy in the
pediatric age group. Comments of a devil's advocate. Am Rev Respir Dis. 1974, 110:143-4.
10.1164/arrd.1974.110.6P2.143

17. Guérin C, Reignier J, Richard JC, et al.: Prone positioning in severe acute respiratory distress syndrome . N
Engl J Med. 2013, 368:2159-68. 10.1056/NEJMoa1214103

18. Kallet RH: A comprehensive review of prone position in ARDS . Respir Care. 2015, 60:1660-87.
10.4187/respcare.04271

19. Lee JM, Bae W, Lee YJ, Cho YJ: The efficacy and safety of prone positional ventilation in acute respiratory
distress syndrome: updated study-level meta-analysis of 11 randomized controlled trials. Crit Care Med.
2014, 42:1252-62. 10.1097/CCM.0000000000000122

20. Hu SL, He HL, Pan C, et al.: The effect of prone positioning on mortality in patients with acute respiratory
distress syndrome: a meta-analysis of randomized controlled trials. Crit Care. 2014, 18:10.1186/cc13896

21. Beitler JR, Shaefi S, Montesi SB, Devlin A, Loring SH, Talmor D, Malhotra A: Prone positioning reduces
mortality from acute respiratory distress syndrome in the low tidal volume era: a meta-analysis. Intensive
Care Med. 2014, 40:332-41. 10.1007/s00134-013-3194-3

22. Gattinoni L, Carlesso E, Taccone P, Polli F, Guérin C, Mancebo J: Prone positioning improves survival in
severe ARDS: a pathophysiologic review and individual patient meta-analysis. Minerva Anestesiol. 2010,
76:448-54.

23. Verbrugghe W, Jorens PG: Neurally adjusted ventilatory assist: a ventilation tool or a ventilation toy? .
Respir Care. 2011, 56:327-35. 10.4187/respcare.00775

24. Diniz-Silva F, Moriya HT, Alencar AM, Amato MB, Carvalho CR, Ferreira JC: Neurally adjusted ventilatory
assist vs. pressure support to deliver protective mechanical ventilation in patients with acute respiratory
distress syndrome: a randomized crossover trial. Ann Intensive Care. 2020, 10:18. 10.1186/s13613-020-
0638-0

25. Castillo CG, Kauffman CA, Miceli MH: Blastomycosis. Infect Dis Clin North Am. 2016, 30:247-64.
10.1016/j.idc.2015.10.002

26. Huang CT, Tsai YJ, Tsai PR, Ko WJ: Extracorporeal membrane oxygenation resuscitation in adult patients
with refractory septic shock. J Thorac Cardiovasc Surg. 2013, 146:1041-6. 10.1016/j.jtcvs.2012.08.022

2022 Ajmal et al. Cureus 14(2): e22207. DOI 10.7759/cureus.22207 6 of 6

https://dx.doi.org/10.1164/arrd.1969.99.6.895
https://dx.doi.org/10.1093/cid/ciaa294
https://dx.doi.org/10.1093/cid/ciaa294
https://dx.doi.org/10.1097/MD.0000000000003538
https://dx.doi.org/10.1097/MD.0000000000003538
https://dx.doi.org/10.1378/chest.15-0289
https://dx.doi.org/10.1378/chest.15-0289
https://dx.doi.org/10.1056/NEJM200005043421801
https://dx.doi.org/10.1056/NEJM200005043421801
https://dx.doi.org/10.1086/588300
https://dx.doi.org/10.1086/588300
https://dx.doi.org/10.1378/chest.07-2778
https://dx.doi.org/10.1378/chest.07-2778
https://dx.doi.org/10.1164/arrd.1974.110.6P2.137
https://dx.doi.org/10.1164/arrd.1974.110.6P2.137
https://dx.doi.org/10.1097/00003246-197601000-00003
https://dx.doi.org/10.1097/00003246-197601000-00003
https://dx.doi.org/10.1164/arrd.1977.115.4.559
https://dx.doi.org/10.1164/arrd.1977.115.4.559
https://dx.doi.org/10.1097/00000542-197409000-00006
https://dx.doi.org/10.1097/00000542-197409000-00006
https://dx.doi.org/10.1164/arrd.1974.110.6P2.143
https://dx.doi.org/10.1164/arrd.1974.110.6P2.143
https://dx.doi.org/10.1056/NEJMoa1214103
https://dx.doi.org/10.1056/NEJMoa1214103
https://dx.doi.org/10.4187/respcare.04271
https://dx.doi.org/10.4187/respcare.04271
https://dx.doi.org/10.1097/CCM.0000000000000122
https://dx.doi.org/10.1097/CCM.0000000000000122
https://dx.doi.org/10.1186/cc13896
https://dx.doi.org/10.1186/cc13896
https://dx.doi.org/10.1007/s00134-013-3194-3
https://dx.doi.org/10.1007/s00134-013-3194-3
https://europepmc.org/article/med/20473258
https://dx.doi.org/10.4187/respcare.00775
https://dx.doi.org/10.4187/respcare.00775
https://dx.doi.org/10.1186/s13613-020-0638-0
https://dx.doi.org/10.1186/s13613-020-0638-0
https://dx.doi.org/10.1016/j.idc.2015.10.002
https://dx.doi.org/10.1016/j.idc.2015.10.002
https://dx.doi.org/10.1016/j.jtcvs.2012.08.022
https://dx.doi.org/10.1016/j.jtcvs.2012.08.022

	Blastomycosis-Induced Acute Respiratory Distress Syndrome
	Abstract
	Introduction
	Case Presentation
	FIGURE 1: Chest x-ray showing dense right lower lobe infiltrate (arrow)
	FIGURE 2: Chest x-ray showing diffuse bilateral pulmonary opacities suggesting the development of ARDS
	FIGURE 3: CT chest showing dense bilateral pulmonary infiltrates

	Discussion
	Conclusions
	Additional Information
	Disclosures

	References


